Mortality LD 50 values of a series of 37 pyrethroidal esters have been previously reported against a susceptible strain of housefly (Musca domestica). The aim of the study is to correlate the structure features of these compounds to the logarithm of LD 50 values by multiple linear regression (MLR).
pyrethroids useful for household insecticides, and those with improved chemical stability, for example, to light and in the air, are valuable agrochemicals [3] . The favourable selective toxicity of pyrethroids can be explained by the fact that pyrethroids which act on the nervous system are metabolised and excreted by mammals before reaching the central nervous system. On the other hand, pyrethroids do reach the nervous system in insects, causing such symptoms as excitement and paralysis, eventually leading to knock-down or death of the insects.
Pyrethroids act primarily on the nervous system, although the specific mechanism of activity is uncertain [6] . Several mechanisms of action have been proposed, including alterations in sodium channel dynamics in nerve tissues, which polarise membranes and result in abnormal discharge in targeted neurons. Pyrethroids are composed of several structural groups, including an acid moiety, a central ester bond and an alcohol moiety. The acid moiety contains two chiral carbons, meaning that the pyrethroids typically exist as stereoisomeric compounds. Furthermore, some compounds also contain a chiral carbon on the alcohol moiety, which allows for three chiral carbons and a total of eight different stereoenantiomers. All pyrethroids can therefore exist in at least four stereoisomeric forms, each with different biological activities. They may be formulated as racemic mixtures or as single isomers (e.g. deltamethrin) and different isomers may have individual common names. The mechanisms by which pyrethrins and pyrethroids alone are toxic are complex. The cis isomers are usually more toxic than the trans isomers [6] . For example, the 1R and 1S cis isomers bind competitively to one site, and the 1R and 1S trans isomers bind non-competitively to another. In mammals the 1R isomers are active and the 1S isomers inactive, making the 1S isomers non-toxic.
Although this classification system is widely employed, it has several shortcomings for the identification of common toxic effects [7] . In particular, it does not reflect the diversity of intoxication signs found following oral administration of various pyrethroids. Pyrethroids act in vitro on a variety of putative biochemical and physiological target sites, four of which merit consideration as sites of toxic action: voltage-sensitive sodium, calcium and chloride channels, and peripheral-type benzodiazepine receptors.
There are two basic signs of pyrethroid toxicity in laboratory rodents [4] . The first sign is Type I or T (tremor) syndrome, which is characterized by whole-body tremor, aggressive behavior, hyperexcitation and ataxia. The second sign is Type II, or CS (choreoathetosis with salivation) syndrome, which is characterized by choreoathetosis and profuse salivation. In general, pyrethroids without an α-cyano group (e.g., bifenthrin and permethrin) produce Type I symptoms, and pyrethroids with this group (e.g., deltamethrin) produce Type II symptoms. In humans, the symptoms that may arise from acute oral exposure to pyrethroids include dizziness, headache, nausea, anorexia, fatigue, vomiting, mild disturbance of consciousness, or muscular fasciculation in limbs.
Toxicity among the various pyrethroids varies greatly, as is evidenced by the wide range in LD 50 values (concentrations or doses that result in 50% mortality in exposed laboratory animals) [8] .
These differences are related to several factors, including specific pyrethroid, ratios of stereo and optical isomers within a given pyrethroid formulation, and vehicle. Acute oral LD 50 values are generally lower in Type II than Type I pyrethroids, indicating a greater degree of toxicity for Type II pyrethroids. In the case of tetramethrin, like all other Type I pyrethroids, isomers of the 1R conformation are considerably more toxic than those of the 1S conformation. The 1S isomer can also inhibit toxicity by competitive inhibition at a number of stereospecific pyrethroid binding sites, thus preventing binding of the more toxic 1R isomer. Furthermore, it has been observed that the cis isomers possess greater mammalian toxicity than the trans isomers. For Type II pyrethroids, the S conformation at the alpha carbon adjacent to the cyano group is considerably more toxic than the R conformation.
This paper studies the toxicity of 37 pyrethroidal esters (Table 1) 
METHODS

Definition of target property and molecular structures
The experimental LD 50 values of 37 pyrethroidal ester derivatives have been previously [9] measured against a susceptible strain of housefly (Musca domestica). Conformers' generation was performed using the default parameters except the maximum number of conformations to be generated that was set to 400. MMFF94s was used as force field. Active stereoisomers mentioned in the literature [9] were considered in further calculations. The data are normalized based on the autoscaling method, which can be described as:
where for each variable m, XTmj and Xmj are the values j for the variable m after and before scaling respectively, is the mean and Sm the standard deviation of the variable.
Multiple linear regression (MLR) analysis [11] has been applied after variable selection carried out by the genetic algorithm included in the QSARINS v. 1.2 program [12, 13] , using the RQK fitness function, with leave-one-out cross-validation correlation coefficient as constrained function to be optimized. The dataset was divided in training and a randomly selected (25% of the total number of compounds) test set. Compounds: C1, D1, G1, H3 and L3 were included in the test set.
Model validation
All the statistical tests were performed at a significance level of 5 %. In MLR models, outliers were detected by a value of residual greater than 2.5 times the value of standard error in calculation.
The leave-one-out cross-validation procedure was employed for internal validation. The over fitting of data and model applicability was controlled by comparing the root-mean-square errors (RMSE) of training and validation sets. To test the predictive power of the model, the concordance correlation coefficient (CCC) [14] (which simply verifies how small the differences are between experimental data and external data set predictions, independently of their range) was used. Models based on chance correlation can be detected using the QUIK rule [15] , a simple criterion that allows the rejection of models with high predictor collinearity, which could lead to chance correlation. The QUIK rule is based on the K multivariate correlation index ( Table 2) ‚MCDM all' scores were calculated using all the criteria: fitting, cross validated and external and were used to choose the best MLR models.
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RESULTS AND DISCUSSION
Several MLR models were built after variable selection carried out by the genetic algorithm. Seven outliers (compounds A1, B1, B3, F12, F13, G2 and H5) were found and removed from the final MLR models included in Table 2 . This fact can be related to possible experimental errors.
The applicability domain of the selected models was evaluated by leverage analysis expressed as Williams plot (Figures 1 and 2 for model 1) , in which the jackknifed (Studentized) residuals and the leverage values were plotted. These plots confirm the absence of outliers and influential points in the final selected MLR models.
The MLR models included in Table 2 (Table 2) indicate no chance correlation for the chosen models.
The RMSE values for the training and validation sets are similar. The chosen models demonstrate a satisfactory stability in internal validation, have high fitting and internal predictivity, but a modest predictive power (see the CCC ext values in Table 2 ). The difference of CCC values between the training and test sets of 11.1% (model 1), 5.5% (model 2), 14% (model 3), demonstrates that these models are not able to predict the response for chemicals not used in the model development (validation set) just as they do for chemicals used to find the relationship (training set). The presence of the EEig02d (Eigenvalue 02 from edge adj. matrix weighted by dipole moments) descriptor indicates non-toxic effect of the title compounds, but EEig04d seems to induce high toxicity.
The Burden eigenvalue descriptors are important in capturing structural information important for understanding polar intermolecular interactions [18] . The presence of the BELm8 (lowest eigenvalue n. 8 of Burden matrix / weighted by atomic masses) descriptor suggests nontoxic tendency of pyrethroidal esters, opposite to the BEHm3 (highest eigenvalue n. 3 of Burden matrix / weighted by atomic masses) descriptor.
The presence of the number of terminal primary C(sp3) group is favorable for low toxicity.
A high molecular weight leads to high toxicity. The KOAWIN Log Kaw -air-water partition coefficients is related to the waste water treatment because solubility affects volatilization of toxic compounds into the air; higher descriptor values are related to high toxicity.
CONCLUSIONS
In order to study the toxicity of 37 pyrethroidal esters, the logarithm of LD 50 values measured against a susceptible strain of housefly (Musca domestica) were related by multiple linear regression to their structural descriptors. Stereoisomers selected according to the literature [9] were modeled by conformational analysis performed by molecular mechanics calculations. Several criteria for internal and external validation were applied. The obtained MLR models are satisfactory in the fitting, but have modest predictive power. They indicate structural features of the title compounds which contribute to the death of housefly (Musca domestica). The presence number of terminal primary C(sp3) group is favorable for low toxicity. High values of air-water partition coefficients and of molecular weight can be associated with high toxicity of the title compounds.
